Neopterin measurements are especially useful as an early marker in (e.g.) allograft rejections and in patients infected with human immunodeficiency virus type 1 (H1V-1). An increased concentration of total neopterins (neoptenn + dihydroneopterin) is also a significant marker in patients with H1V-1 infection, in this study we compared concentrations of neopterin and total neopterins in urine samples from 77 homosexual men with and 73 without established H1V-1 infection. H1V-1-seropositive homosexual men had higher concentrations of neopterin and total neopterins (and 7,8-dihydroneopterin) in their urine than did those who were HIV-1 -seronegative, and there was a close correlation between neopterin and total neopterins. Both neopterin vanables correlated inversely with CD4 T-cell counts and CD4/ CD8 T-cellratios but not with CD8 T-celI counts in the H1V-1-seropositive men. Our data indicate that measurements of neopterin and total neopterins are of almost equal potential for clinical diagnosis. However, when measuring total neopterins, which includes oxidation of 7,8-dihydroneoptenn to neopterin, more strict requirements of sample collection and handling are necessary to avoid degradation of the 7,8-dihydro derivative.
Neopterin measurements are especially useful as an early marker in (e.g.) allograft rejections and in patients infected with human immunodeficiency virus type 1 (H1V-1). An increased concentration of total neopterins (neoptenn + dihydroneopterin) is also a significant marker in patients with H1V-1 infection, in this study we compared concentrations of neopterin and total neopterins in urine samples from 77 homosexual men with and 73 without established H1V-1 infection. H1V-1-seropositive homosexual men had higher concentrations of neopterin and total neopterins (and 7,8-dihydroneopterin) in their urine than did those who were HIV-1 -seronegative, and there was a close correlation between neopterin and total neopterins. Both neopterin vanables correlated inversely with CD4 T-cell counts and CD4/ CD8 T-cellratios but not with CD8 T-celI counts in the H1V-1-seropositive men. Our data indicate that measurements of neopterin and total neopterins are of almost equal potential for clinical diagnosis. However, when measuring total neopterins, which includes oxidation of 7,8-dihydroneoptenn to neopterin, more strict requirements of sample collection and handling are necessary to avoid degradation of the 7,8-dihydro derivative. has also been shown to be a significant marker in patients with H1V-1 infection (8, 10).
In this study we quantified concentrations of neopterin and total neopteruns in urine samples from homosexual men with and without established HIV-1 infection. The significance of neopterin data was compared with analyses of T-cell subpopulations.
Patients and Methods
Patients: A cohort of 150 homosexual men was investigated, including 69 who were anti-H1V-1 seropositive without AIDS and eight who had AIDS at the time of specimen collection (for a detailed description of the subjects, see refs. 8 and 11). HW-1 antibodies were determined by a commercial ELISA (Electronucleonics Inc., Columbia, MD) with Western blot confirmation (Biotech Inc., Rockville, MD). Whole-blood samples for T-cell subset quantification and urines were collected at the same visit. Urine samples were frozen at -20 #{176}C until measurement of neopterin, total neopterins, and creatimne by the two different laboratories (3, 4) .
Quantification of neopterin:
Concentrations of neopterun were quantified by direct measurement without oxidative pretreatment of samples as described (7), briefly as follows. We diluted 100 L of urine with 1 mL of S#{248}rensen's potassium phosphate buffer (15 mmol/L, pH 6.4) and injected 10 L of this onto 125 x 4 mm C,8 reversed-phase columns (LiChroCart; Merck, Darmstadt, F.R.G.) at 25#{176}C. Compounds were eluted at a flow rate of 0.8 mL/min. Neopterin was monitored by its native fluorescence (353 nm excitation, 438 nm emission). To account for physiological variations in urine excretion, we related neopterin concentrations to urinary creatinine concentrations, which were quantified in the same chromatographic run by measuring the absorbance at 235 nm. without oxidative pretreatment reagent, followed by 10 mg of manganese dioxide (Mn02). After they were mixed and left standing for 10 miii at room temperature, the samples were centrifuged and the supernates were filtered. For HPLC analysis, 10 1L was injected onto C, 8 
Results

Concentrations
of total neopterins in urine were about fourfold that of neopterin in the HIV-1-seronegative and -seropositive individuals ( Table 1 ). The ratio of 7,8-dihydroneopterin (total neopterins minus neopterin) to neopterin is therefore about 3:1. Only in a few samples were larger ratios seen; e.g., in one H1V-1-seropositive man, total neopterins were 448 mol per mole of creatinine, only marginally higher than neopterin (427 .tmol per mole of creatinine).
In contrast, one HIV-1-seropositive man had -16-fold more total neopterins (6070 p.mol per mole of creatinine) than neopterin (353 mol per mole of creatinine; Figure 1) .
The HIV-l-seropositive men had higher concentrations of neopterin and total neopterins (and 7,8-dihydroneoptern) in their urine than did the HIV-1-seronegative men.
AIDS patients had the highest concentrations (Table 1 ). There was a close correlation between neopterin and T-cell ratios but not to CD8 T-cell counts (Table 2 ). No such correlation was found in the seronegative subjects.
Discussion
In this study urinary neopterin concentrations correlated significantly with the concentrations of total neopterins (Figure 1 if not properly protected from light and air (13) . However, samples for measurement of total neopterins were handled with the necessary caution. In contrast, neopterin is much more stable if kept protected from light (14) . Particularly high concentrations of total neopteruns in some samples further argue for variations in the concentrations of neopterin derivatives towards reintively lower and higher 7,8-dihydroneopterin content. All neopterin variables (i.e., neopterin, total neopterins, and 7,8-dihydroneopterin) discriminated well between HIV-l serological status in these subjects. The H1V-lseropositive men showed a close inverse correlation between neopterin concentrations and CD4 T-cell numbers and CD4/CD8' T-cell ratios (Table 2) . This relationship did not exist in the H1V-l-seronegative men, confirming earlier results (7) .
Our present results extend this observation to 7,8-dihydroneopterin.
Concentrations of total neopterins and 7,8-dihydroneopterin
were also found to inversely correlate with CD4 T-cell numbers and CD4/CD8
T-cell ratios in the H1V-l-seropositive men. Elsewhere we have recently shown that neopterin (8, 15) in vitro may be underestimated because it will be partly destroyed during the culture period of three days. Therefore, unless care is taken to ensure recovery of dihydroneopterin, neopterin measurements may be more reliable estimates of total neopterins in in-vitro systems.
Our data indicate that concentrations of neopterin and total neopterins are of almost equal potential for clinical diagnosis. Statistical evaluation in HIV-l-seropositive individuals demonstrates a close correlation between concentrations of neopterin and total neopterins in urine. We speculate that the same associations can be found in other conditions associated with activation of cellular immunity. The same relation between neopterin and total neopterins can be expected in serum samples. One may prefer to use urine instead of serum samples because it is less infectious and collection of samples is more convenient for patients when they are not bled for other reasons. The diagnostic quality of neopterin appears to be independent from the choice of serum or urine as sample. However, measurement of total neopterins by oxidation of 7,8-dihydroneopterin to neopterin necessitates more strictly controlled sample collection and handling to avoid degradation of the 7,8-dihydro derivative. In addition, this sample preparation is more time consuming and laborious than that for direct quantification of neopterin. For quantification of naturally occurring neopterin, samples are stable at room temperature for three days (17) , which means that samples can be mailed to specialized diagnostic laboratories.
